Large explosive eruptions of dacitic magmas, their relationship with their basaltic parent and their conditions of transfer and crystallization are widely debated. Here we report new timing constraints and a detailed study of the mineralogy and chemistry of magmas erupted over the last $12 kyr at the Rinjani-Samalas volcanic complex on Lombok, in the Lesser Sunda arc. Rinjani-Samalas products define a calc-alkaline series, moderately rich in K 2 O. High-alumina basalts (HABs) evolved towards trachydacites (50 to $68 wt % SiO 2 ) mainly by fractional crystallization, and required the peritectic formation of (cryptic) amphibole. The pre-caldera stage is characterized by chemical bimodality (basalt-trachydacite) of the erupted magmas. Conversely, the post-caldera magmatism produced basaltic andesites. These present-day magmas possibly result from the mixing between basalt and trachydacite melts, in main proportions 0Á7:0Á3, before crystallization. The AD 1257 caldera-forming eruption delivered a large volume of chemically homogeneous trachydacitic magma. Its mineral paragenesis typically consists of plagioclase showing a bimodal distribution with patchy zoned cores (An 82-75 ) surrounded by bands of An 50 to An 43 , in association with amphibole (magnesio-hastingsite), orthopyroxene (Mg# 0Á66-0Á73), titanomagnetite, iron sulfide and apatite. Rare extremely calcic plagioclase (An 91-92 ) records the early stage of crystallization. Extensive Mg diffusion demonstrates an overall re-equilibration of plagioclase compositions with a trachydacitic melt in equilibrium with plagioclase An 5061 (312 6 42 ppm Mg). Discrepancies between the crystallization temperature of plagioclase ($An 50 ) measured on melt inclusions (989 6 10 C) and those provided by geothermometers (in the range between 895 and 980 C) bring evidence of heterogeneity in both the temperature and the water content of the trachydacitic magma batches. Trace element geochemistry and mineralogy of bulk-rocks and volatile contents of melt inclusions suggest that the HABs initially crystallized in the lower crust; trachydacite magma batches were then extracted, transferred to shallow depths, and crystallized under conditions of watersaturation. Extensive stratigraphic data and new radiocarbon ages reveal that explosive and effusive emissions of trachydacitic magmas and strongly explosive eruptions of HABs occurred contemporaneously before the caldera-forming eruption. This implies a transfer of basaltic magma through dykes independently of the central system, a feature ascribed to the interplay between edifice mass loading, magma buoyancy and possibly the regional tectonic stress field.
INTRODUCTION
Magma emplacement and incremental growth of large reservoirs leading to silica-rich magmas have been actively discussed in the literature (e.g. Annen et al., 2006; Cashman & Giordano, 2014; Menand et al., 2015; . Important points relate to the following: (1) the time necessary for their growth (Druitt et al., 2012) ; (2) the whole-rock-scale chemical homogeneity or heterogeneity of these crustal magma reservoirs, and their mineralogical heterogeneity at the local scale (e.g. Reubi & Blundy, 2009; Huber et al., 2010) ; (3) the role of mafic magma underplating (Schubert et al., 2013) ; (4) the role of deeper-derived volatiles in triggering periodic reactivation of the reservoir by reheating and gas sparging (e.g. Bachmann & Bergantz, 2006) ; (5) the quantity of a pre-eruptive waterrich phase and its efficiency in extracting minor elements (e.g. Webster & Botcharnikov, 2011) , which may cause sudden injection of climate-forcing sulfate aerosols and halogens into the stratosphere (e.g. Platt & Bobrowski, 2015) .
The present study is focused on the Rinjani-Samalas volcanic complex on Lombok in the Lesser Sunda arc, which produced a cataclysmal plinian eruption in AD 1257 (Lavigne et al., 2013; Vidal et al., 2015) . This caldera-forming eruption was identified as the source (Lavigne et al., 2013) of the largest sulfate peak recorded in ice cores over the last 2Á3 kyr (Sigl et al., 2014) , which has been attributed to the greatest stratospheric gas release of the Common Era and was responsible for a dramatic climate cooling in the Northern Hemisphere (Guillet et al., 2017) .
We provide here a petrogenetic study of the young magmatic activity ( 12 kyr) of the Rinjani-Samalas complex. We report new data on the timing and on the associated geochemistry and mineralogy of pre-, syn-and post-caldera eruptive products. We establish a general model of the processes that led to the AD 1257 cataclysmal eruption and a new interpretation of the present-day andesitic volcanism in the framework of the geodynamic context of the Eastern Sunda arc.
GEOPHYSICAL AND GEOLOGICAL SETTINGS
The Sunda arc is a very active and unusual geodynamic setting at the junction between three tectonic plates: the Indo-Australian, the Eurasian and the Pacific plates (Hall, 2009) . Lombok (8 S, 116Á3 E) forms part of the Lesser Sunda Islands (Nusa Tenggara) in the eastern part of the Sunda arc (Fig. 1a) , where (1) the IndoAustralian plate dips perpendicularly and northward beneath the Eurasian plate at c. 7 cm a -1 , (2) an en echelon alignment of volcanic segments possibly reflects tectonic stress-controlled structures or downward flexure of the lower lithosphere that in turn could have favored magmatism (Pacey et al., 2013) , (3) ridge structures parallel to the ridge are uniform , (4) the depth of the slab averages 165 6 8 km (Pacey et al., 2013) and (5) the convergent system evolves from oceanic subduction at the East Sunda arc to the continent-island arc subductioncollision regime of the western Banda arc (Lü schen et al., 2011) .
Lombok volcanic island is located c. 330 km from the trench where the incoming oceanic plate (Argo abyssal plain; Fig. 1 ) is smooth (Lü schen et al., 2011) . The subducting crust has an average thickness of 8Á6 km, but is progressively faulted towards the trench . It formed between the late Jurassic (155 Ma at 120 E) and early Cretaceous (125 Ma at 110 E; Lü schen et al., 2011), and has been regarded as a possible remnant of the Tethys Ocean (Heine et al., 2004) . The subducting slab dips at a low angle ) from the trench to the arc, and then steeply to c. [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] down to the Transition Zone (Widiyantoro et al., 2015) . The substratum of the Lombok Basin is a 9-11 km thick crust, for which the P-wave seismic velocities (6Á0-6Á5 km s -1 ) are consistent with an oceanic-type crust . Lombok rests on crust whose nature and thickness are poorly known, although the roots of the volcanic system could reach a thickness of c. 20-25 km below sea level (b.s.l.) (Zubaidah et al., 2014) . The presence of a seismic reflector, with relatively low P-wave velocities (7Á4-7Á5 km s -1 ), at $16 km beneath the Lombok Basin indicates a rather shallow hydrated, possibly serpentinized mantle , in agreement with high-resolution seismic reflection images (Lü schen et al., 2011) .
The submarine and oldest volcanic rocks of Late Oligocene to Early Miocene age, overlain by Upper Miocene limestones, now crop out in the southern part of Lombok, whereas younger volcanism (from Pliocene to present) took place further north (Foden, 1983) . Old ankaramitic massifs on Lombok have been attributed to the melting of a clinopyroxene-rich mantle source (Elburg et al., 2007) .
The Rinjani-Samalas complex on Lombok (Fig. 1b ) comprises the Paleo-Rinjani [inferred to have reached 3978 6 33 m above sea level (a.s.l.)], which was built on the east flank of the Samalas stratovolcano. The latter is inferred to have culminated at 4193 6 93 m a.s.l. prior to the AD 1257 caldera-forming eruption (Lavigne et al., 2013) . The pre-Holocene activity produced a succession of lava flows of basalt and basaltic andesite composition that belong to typical calc-alkaline suites (Foden, 1983) . Explosive activity is reported during the Holocene with thick scoria deposits dated at 11 900 BP and dacitic pumice fallout deposits dated at 6000 and 2550 BP (Nasution et al., 2004 (Nasution et al., , 2010 . The AD 1257 plinian eruption delivered 40 6 3 km 3 of trachydacitic magma, which culminated with the formation of a 6Á5 Â 8 km wide caldera, currently hosting the 200 m deep Segara Anak Lake (Lavigne et al., 2013) . Although the Rinjani stratovolcano partly collapsed in the caldera following the medieval eruption, it still culminates at 3726 m a.s.l., about 1700 m above the surface of the lake. The detailed stratigraphy and reconstruction of the AD 1257 eruption dynamics have been reported by Vidal et al. (2015) , from which we summarize here the main characteristics. Four successive eruptive phases were identified: (1) the initial plinian phase P1 produced widespread pumice fallout deposits from a 39-40 km high stable column; (2) the violent phreatomagmatic phase P2 involved a large amount of water that probably originated from a lake; (3) the phase P3 was the strongest plinian event with a plume that culminated at 43 km; (4) the phase P4 climaxed with the formation of the caldera and wholesale column collapse that generated voluminous and highly mobile pyroclastic density currents (PDC) and co-PDC ash fallout deposits identified in Central Java, 700 km from the source. With a total magnitude of seven, and a peak intensity of 12, this VEI 7 eruption ranks among the most violent events of the last 2000 years and is recognized as an important interregional chronostratigraphic marker (Vidal et al., 2015) .
The post-AD 1257 volcanic activity led to the formation of the Barujari cone within the caldera, which currently emerges 320 m above the 200 m deep Segara Anak lake (Fig. 2a) . Barujari has produced at least 17 eruptions since 1847 (Rinjani Observatory, Global Volcanism Program 2017) . The high thermal (1700 MW) and CO 2 (2300 t d -1 ) fluxes of the lake are the largest measured at present in a volcanic lake (Barbier, 2010) , testifying to the presence of an active voluminous and volatile-rich magma reservoir below the caldera.
SAMPLING STRATEGY
The Holocene products of the Rinjani-Samalas complex were collected during four field campaigns in 2012, 2013 and 2014. More than 140 sites were studied and a total of $250 samples were collected (Vidal et al., 2015; Vidal, 2016; present study) . The locations of the samples studied here are reported in Fig 2a and c, the stratigraphic logs of key sections in Fig. 2b , and the GPS coordinates in Supplementary Data Table S1 Hamilton, 1979) . The subduction rate is from Planert et al. (2010) . (b) SRTM digital elevation model at 3 arc second ($90 m) resolution (http://srtm.csi.cgiar.org; Jarvis et al., 2008) of the Lesser Sunda Islands (Nusa Tenggara) and their active volcanoes (red triangles) (SRTM data are courtesy of CGIAR-CSI). Dashed lines correspond to slab depths; Benioff zone contours are after Hamilton (1979) .
(supplementary data are available for downloading at http://www.petrology.oxfordjournals.org).
Pre-caldera samples
Lava flows of the building stage of the Samalas cone were sampled at several locations on Lombok (Supplementary Data Table S1 ). Samples of the precaldera explosive activity of Samalas and Rinjani were collected on the north flank of Samalas and within the Senaru basin (Fig. 2a) . A total of seven explosive events were identified (Figs 2b and 3), including two scoria fallouts (RIN14 25 and RIN13 10A; Figs 2b and 3) overlain by a massive pumice fallout deposit (PcPF1) (RIN13 10F; Fig. 2b ) consistent with the $6000 years BP scoria and the 6000-2550 years BP 'Propok pumice', respectively, first identified by Nasution et al. (2004 Nasution et al. ( , 2010 . Those studies also reported the more recent 7 km long Lembar lava flow, sampled on the east flank of Rinjani (site RIN14 23; Fig. 2a ) below a massive pumice fallout deposit (PcPF2 and site RIN14 24; Fig. 2a ), which corresponds to the 'Rinjani Pumice' of Nasution et al. (2004 Nasution et al. ( , 2010 . The deposits of PcPF2 were also found on the north flank of Samalas (site RIN13 16; Fig. 2a and b) , where they consist of massive pumice fallout and surge deposits, suggesting that they originated from Mt Samalas rather than Mt Rinjani. The most recent Mangga et al., 1994) and the locations of selected key stratigraphic sections studied in the present work ('RIN' is omitted for brevity) and selected key 14 C radiocarbon dating locations on Lombok (see Supplementary Data Electronic Appendix Table S2 ). (b) Details of selected key stratigraphic sequences studied in this work with sample labels (The section label is omitted for brevity. As an example in the sections labelled RIN1316 and RIN1313, A2 refers to the samples RIN1316-A2 and RIN1313-A2, respectively). PcSF, pre-caldera scoria fallout deposit; PcPF, pre-caldera pumice fallout deposit; LF, lava flow. (c) ASTER false color image of Mount Rinjani (which culminates at 3726 m), the Samalas caldera, active Barujari cone and Segara Anak Lake area [ASTER satellite data courtesy of M. Abrams (NASA)] with the location of the lava samples analyzed. The black line corresponds to the Senaru-Sembalun rim trails. Refer to Fig. 3 for stratigraphic relationships.
pre-caldera products were sampled in a layer of massive scoria fallout (PcSF4) that crops out close to the north rim of the caldera of Samalas (site RIN13 13; Fig. 2a and b) .
AD 1257 samples
The AD 1257 deposits, reference stratigraphic sections and their coordinates have been described by Vidal et al. (2015) , who demonstrated the absence of chemical zoning in the deposits of the four eruptive phases, from the base to the top of the eruptive sequence. The fallout samples selected here for complementary chemical analyses and detailed mineralogy studies were collected from the proximal reference section (RIN13 07; Vidal et al., 2015; present study) . Small size grain fractions of these samples (down to 0Á2-2 mm) were prepared for trace element analyses as they are a good proxy for the matrix glass composition and are representative of tephra susceptible to be transported over long distances. The sample RIN13 92A, collected 90 km west of the caldera on Bali (RIN13 92 site; Vidal et al., 2015) , was selected for this specific study.
Post-caldera Barujari samples
The present-day lava flows of the Barujari cone ( Fig. 2c) were sampled by H. Rachmat (Bandung, Museum Geologi) and Muntaharlin (Rinjani Observatory, CVGHM). These samples cover seven of the effusive to low-explosive eruptions of the last 70 years (pre-1944 to 2010) .
ANALYTICAL PROCEDURES

Radiocarbon dating
Samples from paleosoil horizons below the AD 1257 units were sampled to provide better chronological constraints on pre-AD 1257 subplinian and plinian eruptions. Samples for 14 C dating were treated using standard chemical acid-base-acid techniques and analyzed at the Laboratoire de Mesure du Carbone 14 (LMC14; CNRS UMS2572) facility at the Commissariat à l'Energie Atomique et aux Energies Alternatives, Saclay, France. Radiocarbon ages are given as years BP (BP ¼ Before Present ¼ before AD 1950) with a 1r confidence interval (Supplementary Data Table S2 ), without subtracting a reservoir age. They are calculated Vidal et al. (2015) . PcSF, pre-caldera scoria falls; PcPF, pre-caldera pumice falls; LF, lava flow; BaSF, Barujari scoria falls; BaLF, Barujari lava flows; PDC, pyroclastic density currents; MER, mass eruption rate.
according to Mook & Van der Plicht (1999) , correcting for d 13 C fractionation using the measurement of 13 C/ 12 C on the Artemis accelerating mass spectrometer (AMS). The error indicated includes the statistical error, the variability of the results and the blank subtracted from the results. All 14 C ages were calibrated using the OxCal 4.2 online program (Bronk-Ramnsey, 2009 ; https://c14.arch. ox.ac.uk/embed.php?File¼oxcal.html) using the IntCal 13 curve . Hogg et al. (2013) provided a calibration curve SHCal13 to be used for samples from the Southern Hemisphere, which they define as the zone south of the Intertropical Convergence Zone (ITCZ); however, this zone shifts according to the season, being south of Indonesia in winter and much further north in summer. Hogg et al. (2013) stressed that given the current datasets and the uncertainty in the seasonal shifts of atmospheric CO 2 in the ITCZ, the SHCal13 calibration curve is not necessarily appropriate for tropical and neotropical locations of the Southern Hemisphere such as Indonesia. We therefore used IntCal 13. Calibrated ages are given as a range of years Cal AD with a 2r confidence interval (probability of 95Á4% of the age falling in that Cal AD years interval). When appropriate the different possible age ranges are also given with their confidence expressed as a relative probability that sums to the 95Á4% probability of the 2r range (Supplementary Data Table S2 ). Ages were calibrated using the OxCal 4.2 online program and the IntCal 13 curve .
Geochemistry of bulk-rocks
A total of 52 samples (pumice, lava and scoria) were selected for geochemical analysis of major and trace elements. Prior to any analysis, the samples were carefully cleaned using ultrapure deionized water in an ultrasonic cleaner and dried at 60 C. Analyses were carried out on finely powdered samples at the Service d'Analyse des Roches et Miné raux (CRPG-CNRS, Nancy, France), by using inductively coupled plasma optical emission spectroscopy (ICP-OES; Thermo Fisher ICap 6500), and inductively coupled plasma mass spectrometry (ICP-MS; Agilent 7700X), respectively. The relative standard deviations (RSD% ¼ 100 Â r/mean) for trace elements vary from <15% for Ta and U and <8% for Zr to <5% for the others. They are <2% for K, Na, Mg, Ca and Ti, and <1% for Si, Al and Fe.
Trace element analyses were also performed on tephra of a distal deposit of phase P1 of the AD 1257 eruption on Bali (RIN13 92A). They complement the dataset published for the AD 1257 micro-pumice clasts handpicked from four distinct fractions (1-2, 0Á5-1Á0, 0Á25-0Á50 and 0Á125-0Á250 mm) by Vidal et al. (2015) . The RIN13 92A pumice clasts were carefully ground in an agate mortar and the powder was sieved to <63 mm. An aliquot of 1 g of the sieved fraction was analyzed as well as 1Á5 mg of particles 0Á2-2 mm in size, which were separated in settling columns from another aliquot.
Trace elements were measured by ICP-MS (Agilent 7900, PARI platform) at Institut de Physique du Globe (Paris, France), following the procedure described below. The reproducibility and accuracy of the data were checked on reference materials (BE-N, GS-N and JB2; Supplementary Data Table S3 ).
Powdered samples were weighed in polypropylene 50 ml vessels (Digitube, SCP Science), to which 1 ml of ultra-pure nitric acid and 1 ml of ultra-pure hydrofluoric acid were added. The tubes were closed with screw caps and heated at 90 C for 1 h in a digestion block (Digiprep, SCP Science). After cap removal and sample evaporation at 60 C, boric acid was added to eliminate fluoride and the solutions were evaporated once again. The dry residues were then dissolved in a 2% nitric acid solution with a dilution factor of 10 000.
ICP-MS measurements were carried out using a Scott spray chamber and a micro-nebulizer (0Á2 ml min -1 ), with acquisition time of 0Á3 s for each. Transition elements were measured a second time using a collision reaction interface with helium gas (5 ml min -1
) and an acquisition time of 0Á5 s. In each case the analytical procedure included successively the measurement of three points on the peak pattern, three replicates and 100 sweeps of replicates with 70 s for the uptake, 40 s for stabilization time and 60 s for rinsing time. To take into account the matrix effect, the element concentrations in samples were calculated using the USGS international standard BHVO2.
Minerals
High-alumina basalts (HAB) and basaltic andesites are porphyritic with olivine, clinopyroxene, plagioclase and Fe-Ti oxides in different proportions. Plagioclase dominates in the basaltic andesites. The typical mineral paragenesis of the trachydacites is composed of amphibole, plagioclase, orthopyroxene and minor clinopyroxene. Apatite and sulfide globules are systematically present as solid inclusions in the other phases, prevalently in amphibole. The relative proportion of crystals was assessed in only the AD 1257 pumice clasts. Thin sections of 15 clasts (>16 mm) from the two plinian phases of the eruption P1 and P3 (samples RIN13 07A4 and 07E) were prepared. Backscattered electron (BSE) images were obtained using the SEM-FIB Zeiss Auriga (Platform PARI; IPG-Paris, France) and the phase proportions were assessed with ImageJ software.
The minerals were systematically analyzed in a selection of samples representative of the pre-, syn-and postcaldera samples of the Rinjani-Samalas complex: (1) the most evolved deposit of the pre-caldera trachydacite PcPF2 (RIN13 16T); (2) the pre-caldera basaltic scoriae PcSF4 (RIN13 13); (3) the trachydacite pumice clasts (RIN13 07A-E) of the four phases of the AD 1257 eruption; (4) two basaltic andesite samples (BARU 1994 and of the 1994 and 2004 lava flows of Barujari. In tephra samples, crystals were handpicked from the various grain size fractions (!1-2 mm, 1-0Á5 mm, 0Á25-0Á50 mm), depending on the mineral phase and the samples, embedded in resin EPOFIX, and carefully polished. Lava samples were prepared as thin sections. Minerals were analyzed using the electron microprobe SXFive (Camparis, Paris, France) with a focused beam current of 20 nA and counting times varying from 10 to 50 s on peak.
About 38 chemical profiles, with an $5 mm step, were acquired across plagioclase phenocrysts from (1) the upper deposit of the pre-caldera pumice PcPF2 (sample RIN13 16T; fraction 1-2 mm), (2) the pre-caldera HAB scoriae PcPF2 (sample RIN13 13; fraction 1-2 mm); (3) three fractions (samples RIN13 07A-E; fractions >4, 1-2, and 0Á5-1 mm) of the pumice clasts of phases P1, P2 P3 and P4 of the AD 1257 eruption, and (4) the 1994 and 2004 Barujari lava flows. BSE images were systematically acquired using a Zeiss EVO MA10 electron microscope (Platform PARI; IPG-Paris, France). The best oriented plagioclase crystals, showing a section from the core to the rim, were selected for profile analysis.
Optical thermometry measurements
Melt entrapment temperatures were measured by optical thermometry on melt inclusions hosted in plagioclase from the AD 1257 pumice clasts. Experiments were carried out using a Linkam TS1500 heating stage (IPGParis), at a rate of 10 or 15 C min -1 until 900 C and 1 C min -1 until homogenization. Temperatures were measured with a Pt-Pt 90 Rh 10 thermocouple (610 C) and calibrated against the melting points of Ag (961Á8 C) and Au (1063Á8 C). A total of 12 heating experiments were conducted on double-faced polished crystals whose melt inclusions, containing one or several tiny bubbles and crystal-free glass, were preserved enclosed. When possible, the homogenized inclusions were brought to the surface after experiments for analysis of the host plagioclase.
RESULTS
New
C ages and stratigraphic correlations
Here we describe the most important new results for radiocarbon dating of key units on Lombok, strengthening the stratigraphy of Holocene explosive units from the Rinjani-Samalas complex. Detailed radiocarbon ages are available in Supplementary Data Table S2 .
At site RIN13-13 ( Fig. 2a and b) , the upper part of the sequence is formed by a 3Á5 m thick black scoria deposit composed of three subunits emplaced on a steep slope several kilometers from the caldera. This consists of well-vesiculated fresh to slightly oxidized scoria lapilli (RIN13-13A). At this location, the AD 1257 deposits have been removed by erosion. This scoria fallout unit (PcSF4) mantles the topography of the northern upper slopes of Samalas volcano up to a few kilometers from the caldera rim. It lies on a paleosoil horizon (RIN13-13A2) rich in carbon material set in an ashy matrix, dated at a mean age of 711 6 56 years Cal AD (Supplementary Data Table S2 ). These major basaltic scoria fallout deposits were probably produced by explosive eruptions of subplinian to plinian intensity. They stand as the most explosive event identified so far, closely preceding the AD 1257 caldera eruption by $500 years. The AD 711 paleosoil horizon lies directly above a !30 cm thick yellow pumice fallout unit PcPF2 (RIN13-13Z), which is moderately to well sorted with few accidental fragments. PcPF2 is found in numerous outcrops at or near the surface on the north rim trail (Fig. 2b ) between 600 and 2400 m a.s.l. The age of the paleosoil horizon above PcPF2 at site RIN13-13 (711 years Cal AD) suggests that PcPF2 probably corresponds, as later confirmed by geochemical whole-rock and trace element data, to the Rinjani Pumice deposit (Fig. 3) , first identified by Nasution et al. (2004 Nasution et al. ( , 2010 and dated at about 2550 years BP and confirmed by our own new date at site RIN 13-26 (see below).
At site RIN14-22 (Fig. 2a) , the irregular surface of a thick vesicular and well-preserved andesitic distal grey lava flow from Samalas volcano (RIN14-22F) is mantled by a section of c. 0Á9 m of pyroclastic deposits. The lava flow is directly covered by a 10-15 cm thick lower paleosoil horizon (RIN14-22PS1), whose radiocarbon dating failed owing to insufficient carbon. Above the RIN14-22PS1 paleosoil we find a 6 cm thick well-sorted fine-grained yellowish pumice fallout PcPF2 unit (RIN14-22A), devoid of accidental fragments. The sedimentological characteristics and the geochemical signature suggest that this pumice fall unit (PcPF2) corresponds to the Propok pumice deposit described by Nasution et al. (2004 Nasution et al. ( , 2010 , erupted between 5000 and 2550 years BP (Fig. 3) . The PcPF2 unit is covered by an upper paleosoil horizon (RIN14-22PS2), dated at a mean age of 691 6 34 years Cal AD (Supplementary Data Table S2 ). This paleosoil horizon is thus contemporaneous with the paleosoil dated at c. 711 years AD at site RIN 13-13. The rest of the stratigraphic section above the upper paleosoil horizon (RIN14-22PS2) consists entirely of the P1, P2 and P4 eruptive units of the AD 1257 eruption (Vidal et al., 2015) .
At site RIN14-09 ( Fig. 2a and b) , the coastal sea cliffs on the east side of Lombok show massive 4-7 m thick sequences of ash-and pumice-rich pyroclastic density current (PDC) deposits from phase P4 of the AD 1257 eruption. We obtained a radiocarbon date of 969-1046 Cal AD for a charcoal fragment of a pre-AD 1257 paleosoil horizon (RIN14-09W), which was heated by the PDC and incorporated within the lower part of the PDC as a rip-up clast. This confirms the widespread extension to the east and SE of mobile PDC from the P4 caldera collapse phase of the AD 1257 eruption, which entered the sea between Lombok and Sumbawa (Vidal et al., 2015) , therefore constituting a chronostratigraphic marker in this area, where Holocene pyroclastic sequences from the Rinjani-Samalas complex occur as thick valley-filling sequences.
At site RIN14-26 ( Fig. 2a and b) we obtained a radiocarbon date of 2680 years BP 6 30 (897-802 Cal AD, 95Á4% confidence interval; Supplementary Data Table S2 ) for a paleosoil horizon directly below a yellowish pumice fallout unit identified as the PcPF2 deposit. This confirms that PcPF2 corresponds to the Rinjani pumice (Fig. 3) , and matches the age of 2550 6 50 years BP proposed by Nasution et al. (2004 Nasution et al. ( , 2010 for this unit.
At site RIN14-21 ( Fig. 2a and b) we obtained a mean radiocarbon date 718 6 35 years Cal AD (Supplementary  Data Table S2 ) for a paleosoil directly below the deposits of phases P3 and P4 of the AD 1257 eruption.
Combining our new stratigraphy and radiocarbon ages with published ages (Nasution et al., 2004 (Nasution et al., , 2010 Lavigne et al., 2013; Vidal et al., 2015) , we establish the Holocene stratigraphy summarized in Fig. 3 . The preHolocene building stage of the Rinjani-Samalas stratocone is characterized by effusive activity. The Holocene pre-caldera activity of the Rinjani-Samalas complex is first dominated by basaltic explosive activity producing scoria fall deposits (PcSF1 and PcSF2) between 11Á9 and 7 ka. Evidence of effusive and/or explosive eruptions of silicic magmas has not been found during this period. The following period of activity (<7 and 2Á5 ka) is characterized by subplinian to plinian explosive eruptions producing pumice fallout deposits (PcPF1 and PcPF2), voluminous effusive emission of dacitic lava (Lembar lava flow), as well as basaltic explosive activity (PcSF3). The occurrence of PcSF3 deposits (RIN14-07A, Fig. 2b ) on the north flank of Samalas and of the Lembar lava flow on the east flank of Rinjani, both below PcPF2, suggests that both volcanoes erupted contemporaneously with very different eruptive styles. The 2550 years BP PcPF2 unit was identified $28 km to the NW of the caldera at different sites such as RIN14-22 (6 cm thick), suggesting that Samalas possibly erupted in plinian style less than 2 kyr before the great AD 1257 eruption. More detailed fieldwork on the PcPF1 and PcPF2 eruptions will allow constraints to be made on the eruptive dynamics of these pre-caldera stage explosive eruptions.
Bulk major and trace element geochemistry
Representative samples of the last 12 kyr of activity were analyzed for major and trace elements, complemented by samples from some lava flows of the building stage of the Rinjani-Samalas complex (Tables 1 and  2 ). Because some of the pumice clasts are altered, yielding a relatively high loss on ignition (3-4 wt %), major element compositions of all the samples were recalculated on an anhydrous basis before being plotted on variation diagrams. Trace element compositions of the mechanically separated matrices are given in Table 3 . As a whole, the Rinjani-Samalas samples define a calcalkaline series moderately rich in potassium from highalumina basalts to trachydacites (50 to $68 wt % SiO 2 ; Fig. 4a and b), in agreement with Foden (1983) . The Holocene samples point to a bimodal distribution of the bulk-rock compositions, with both HABs and trachydacites. Basaltic and silicic explosive activity was therefore recurrent within the last 12 kyr of the eruptive history of the Rinjani-Samalas complex. Basaltic andesites are typical of the post-caldera volcanic activity of the active Barujari cone and were also erupted during the pre-Holocene building stage of the volcanic complex. Incompatible elements are overall positively correlated ( Fig. 5a-d ). The chemical difference between the AD 1257 bulk pumice clasts (9-9Á6 ppm Th; Table 2 ) and phenocryst-free hand-picked pumice of grain size <2 mm (11Á2 ppm Th; Table 3 ) is significant but limited. This is in agreement with the small amount of phenocrysts in the AD 1257 pumice clasts.
HAB, basaltic andesites and trachydacites display subparallel trace element patterns with pronounced negative anomalies in high field strength elements and enrichments in large ion lithophile elements (Fig. 6a) . Negative europium anomalies, indicative of plagioclase fractionation, are typical of the evolved dacitic magmas. Rare earth elements mark a clear transition between HABs and trachydacites ( Fig. 5e and f) . Transition elements decrease as differentiation progresses (i.e. Th increases; Fig. 5g and h).
The pre-Holocene building stage of the RinjaniSamalas complex
The pre-Holocene samples of lava flows and tephra analyzed display a restricted range of basalt and basaltic-andesite compositions (50Á3-56Á7 wt % SiO 2 ; Fig. 4a and b). They have relatively low MgO concentrations ( 5 wt %) but are rich in Al 2 O 3 (up to 20 wt %; Table 1 ). They are comparable with the lava samples collected by Foden (1983) on the east flank of the Rinjani-Samalas complex. They fill the gap between HABs and the present-day andesites, even though they differ slightly in their trace element contents ( Fig. 5a-h ). A 20 km long lava flow (sample RIN14 19B), on the west flank, constitutes an exception in being a trachydacite (Fig. 4a) . First recognized by Foden (1983) , this lava flow could be pre-Holocene (Fig. 3 ) because of its stratigraphic position, but it should be dated to be accurately positioned in the stratigraphic sequence.
The pre-caldera basaltic and andesitic scoriae
The 711 years Cal AD scoria samples RIN13-13D and M14 (PcSF4) are basaltic ( Fig. 4a and b) . They are HABs with, on average, 19Á1 wt % of Al 2 O 3 . They are fully comparable with scoria erupted during the precedent basaltic explosive phases (PcSF1, PcSF2, PcSF3) and accidental scoriaceous clasts (RIN13-21B) collected in the fallout deposits of the first plinian phase of the AD 1257 eruption (Fig. 4a ). Only one andesitic scoria (56Á8 wt % SiO 2 ; Fig.  4 ) was analyzed (RIN13-10A; PcSF1). Although not dated, it is older than $7 ka (Fig. 3 ). This sample (4Á5 ppm Th) differs from the present-day andesites in being depleted in Co and Cu ( Fig. 5g and h ) and is crystal poor.
The pre-caldera trachydacitic products Pre-caldera pumice fall deposits (PcPF1), emplaced between <7 and 2Á5 ka (Nasution et al., 2010) , are trachydacites ( Fig. 4a and b) . The presence of banded pumice layers (samples RIN13-10Fy and 10Fg) clearly identifies derivation from a chemically stratified reservoir or, most probably, independent trachydacitic magma lenses extruded together ( Fig. 5a-d ). The least evolved composition, the yellowish clasts 10Fy (11Á7 ppm Th), is comparable with the AD 1257 phenocryst-free fraction of the micro-pumice clasts. The grey clasts 10Fg (14Á2 ppm Th) plot with the most evolved deposit (RIN13-16T) of the pre-caldera PcPF2 eruption.
Lembar lava flow (samples RIN14-23A and RIN14-44) is an amphibole-bearing trachydacite, in agreement with Nasution et al., (2010) , but displays some chemical heterogeneity. Its SiO 2 content varies from 63Á5 to 67Á0 wt %, as do its contents of total alkalis (from 8Á3 to 9Á2 wt %; Fig. 4a ) and incompatible elements (i.e. Th varying from 10Á9 to 13Á4 ppm; Fig. 4b ).
Pumice fall deposits PcPF2 (Fig. 3) are trachydacites ( Fig. 4a) . They contain on average 64Á7 6 0Á9 wt % of SiO 2 and 8Á2 6 0Á2 wt % of alkalis, and display relatively high contents in incompatible elements (11Á5-12Á5 ppm Th; Fig. 4b ). They fill the gap between phenocryst-free, micro-pumices and the matrix glass of the AD 1257 eruption. They overlap the PcPF2 pumice compositions in both major and trace elements , revealing the stability of the system within this span of time. One PcPF1  60Á30 17Á05  4Á97  0Á14  1Á41  3Á96  4Á32  3Á14 0Á65  0Á28  2Á98  99Á19  RIN13 11  PF  PcPF1  57Á77 17Á82  4Á33  0Á12  0Á95  2Á59  3Á95  3Á20 0Á65  0Á26  7Á03  98Á66  RIN14 23  LF  Lembar 62Á70 16Á63  4Á88  0Á13  1Á58  3Á86  4Á50  3Á65 0Á67  0Á19  0Á71  99Á49  RIN14 44  LF  Lembar 66Á30 16Á07  3Á63  0Á12  0Á77  2Á34  4Á69  4Á39 0Á57  0Á15  0Á57  99Á59  Rinjani-Samalas stratocone building stage  RIN14 31  Sc  54Á71 19Á12  7Á90  0Á17  2Á39  7Á89  3Á98  1Á80 0Á94  0Á30  0Á89 100Á08  RIN14 32  LF  56Á21 17Á30  8Á52  0Á20  2Á54  6Á45  4Á42  2Á06 1Á05  0Á35  0Á26  99Á35  RIN14 33  LF  50Á02 19Á85 10Á04  0Á20  3Á86  9Á63  3Á43  1Á09 1Á01  0Á24  0Á09  99Á45  RIN14 41  LF  50Á24 17Á04 10Á53  0Á19  4Á96  9Á55  3Á04  1Á82 0Á99  0Á32  0Á14  98Á81  RIN14 43  LF  49Á73 19Á14  9Á68  0Á24  3Á38  9Á35  3Á33  1Á37 1Á01  0Á26  1Á41  98Á90  RIN14 22F  LF  52Á10 18Á76  9Á14  0Á19  3Á39  8Á97  3Á40  2Á07 0Á98  0Á31  0Á15  99Á44  RIN14 19B  LF  63Á47 16Á55  4Á32  0Á13  1Á23  3Á14  4Á84  3Á63 0Á66  0Á25  0Á64  98Á84  RIN13 40L  B  53Á64 17Á69  9Á07  0Á19  3Á65  8Á15  3Á88  1Á56 1Á03  0Á25  0Á99 100Á09  Post-caldera stage-present-day andesitic activity  BARU2009  LF  54Á42 18Á04  8Á94  0Á18  3Á72  7Á87  3Á71  1Á84 0Á91  0Á22 -0Á26  99Á58  BARU1994  LF  54Á68 18Á22  9Á06  0Á18  3Á77  7Á98  3Á72  1Á82 0Á91  0Á22 -0Á53 100Á03  BARU1944  LF  55Á03 18Á14  9Á04  0Á17  3Á83  7Á95  3Á71  1Á81 0Á90  0Á21  0Á00 100Á78  BARU1966  LF  53Á25 17Á70  9Á07  0Á17  3Á95  8Á15  3Á49  1Á68 0Á89  0Á21 -0Á05  98Á50  BARU2004  LF  54Á12 17Á93  8Á83  0Á17  3Á69  7Á90  3Á63  1Á79 0Á88  0Á22  0Á00  99Á15  BARU2010  LF  54Á39 17Á71  8Á67  0Á17  3Á59  7Á78  3Á65  1Á86 0Á88  0Á22 -0Á05  98Á85  RIN14 42‡   LF  53Á80 17Á85  9Á06  0Á17  3Á78  8Á01  3Á59  1Á67 0Á90  0Á21  0Á08  99Á11 PF, pumice fall; SF, scoria fall; LF, lava flow; Sc, scoria; B, block; PcSF, pre-caldera scoria fall; PcPF, pre-caldera pumice fall, as reported in Fig. 2 . LOI, loss on ignition. *For each phase of the AD 1257 eruption the number of analyses averaged is indicated in parentheses; the data are from Vidal et al. (2015) and from this work; RSD (%) is the relative standard deviation (100 Â r/mean). † Replicate. ‡ Pre-1944 lava flow.
sample (RIN13-16T) is distinctive in being enriched in Al 2 O 3 (20 wt %), a feature that we have ascribed to the presence of plagioclase antecrysts. The term antecrysts here refers to recycled phenocrysts that did not crystallize in the carrier magma but grew in a genetically related parent magma, according to Davidson et al. (2007a) . This statement is in agreement with the plagioclase compositions as reported further in the appropriate section.
The AD 1257 syn-caldera trachydacitic pumice
Our work complements previous series of major and trace element analyses on bulk-rocks (Vidal et al., 2015) . Additional analyses were carried out on clasts (>16 mm) from the proximal (RIN13-06A and C) and distal (RIN13-86A) pumice fall deposits of plinian phases P1 and P3, and on pumice clasts of the phreatomagmatic phase (P2). Average major and trace element compositions of pumice clasts from fall deposits and PDC deposits are reported in Tables 1 and 2 , respectively. The relative standard deviations are between 2 and 5%, except for Na, Cr, and Sc; the pumice clasts (RIN13-07 B1 and B2) of the phreatomagmatic phase are significantly depleted in Na 2 O and have variable Cr, Sc and Co contents. These low Na 2 O concentrations (on average 2Á93 6 0Á04 versus 4Á5 6 0Á1 wt %) were confirmed by duplicate analyses and cannot be considered as an analytical artifact. On the contrary, SiO 2 concentrations (volatile-free) of the same pumice clasts average at 64Á9 6 0Á1 wt %, a value that is comparable with the average SiO 2 content (64Á0 6 0Á4 wt %) of the other AD 1257 samples. We suggest that leaching processes and high-temperature interactions between the trachydacitic magma and the hydrothermal system could account for the Na 2 O depletion registered by the pumice clasts of the phreatomagmatic phase P2. High and variable concentrations in elements such as Sc, Cr and Co could be related to iron oxides or oxy-hydroxides. We emphasize that the chemical heterogeneity observed in Sr  337  2Á2  354  2Á2  353  3Á6  571  506  490  505  515  491  Ta  0Á75 
the AD 1257 samples is limited to some elements and restricted to the pumice clasts of the phreatomagmatic phase. There are no significant chemical distinctions between the pumice fallout deposits and the pyroclastic flows. We confirm that the AD 1257 eruption delivered 40 km 3 (Lavigne et al., 2013; Vidal et al., 2015) of a chemically homogeneous trachydacitic magma that contains on average 64Á0 6 0Á4 wt % SiO 2 and 8Á1 6 0Á1 wt % of total alkalis (Na 2 O þ K 2 O) recalculated on an anhydrous basis (Fig. 4a) . This magma had high concentrations of incompatible elements in agreement with its evolved nature (9Á5 6 0Á5 ppm Th on average; Fig. 4b) . Interestingly, the RIN13-92A distal tephra sieved at 63 mm has a slightly more evolved composition (Table 3 ). In Figs 5 and 6b, they plot together with the micro-pumice clasts, handpicked from three distinct fractions (0Á25-0Á5, 0Á5-1, and 1-2 mm) of proximal and distal deposits of the AD 1257 eruption previously analyzed by Vidal et al. (2015) . This observation reinforces the conclusion about the chemical homogeneity of the AD 1257 trachydacite. As expected, the 0Á2-2 mm particles are significantly evolved (14Á5 ppm Nb, 16Á3 ppm Th, 118 ppm Rb), as they represent the residual matrix glass. They plot at the far end of the chemical trend defined by the HAB scoria and trachydacitic pumice ( Fig. 5; Table 2 ). Their trace element pattern is parallel but shifted with respect to that of the phenocryst-free micro-pumice, in agreement with their evolved nature (Fig. 6b) . It also reveals a pronounced depletion in Sr and strong fractionation with respect to Ba. Relatively high Co contents (Fig. 5g) are explained by the presence of tiny Fe-Ti oxides. Vanadium shows a similar anomaly (Table 3) .
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moderately incompatible elements (i.e. Eu, Dy; Fig. 5e and f). A trachydacite chemical composition cannot be explained by a simple process of fractional crystallization involving olivine, clinopyroxene, plagioclase and Fe-Ti oxides from an HAB, as previously reported (Foden, 1983) . The liquid line of descent starting from an HAB composition with 5-9 wt % H 2 O, at 5, 7 and 10 kbar was tentatively calculated using Rhyolite-MELTS (Ghiorso & Gualda, 2015) and for an fO 2 range from FMQ -2 to FMQ þ3. Calculations failed to reproduce the natural data (composition of residual melt and minerals). As discussed below, the HAB differentiation towards trachydacite requires the peritectic formation of amphibole at high pressure (Foden & Green, 1992 ).
The present-day basaltic andesites of Mt Barujari
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Mineral compositions and chemical zoning
where R is the ideal gas constant (8Á3145 J mol -1 K -1 ) and T is the temperature in Kelvin. Phase equilibrium experiments (Foden & Green, 1992) indicate that the olivine-pyroxene-plagioclase assemblage of Rinjani bulk HABs containing 2Á2-2Á9 wt % of H 2 O can be reproduced at 500 MPa for temperatures of 1100 C and 1040 C. We used these latter values to calculate the K An91=melt Mg to be 0Á011-0Á013 from equation (1). With an average Mg content of 398 6 34 ppm, plagioclase of An 90Á6 would be in equilibrium with a melt containing between 5Á1 and 4Á7 wt % MgO (Fig. 8) . These concentrations are those of the natural HABs (Table 1) and of experimental basaltic melts at 500 MPa (Foden & Green, 1992) .
Trachydacites
The AD 1257 trachydacite samples were extensively studied for their mineralogy. They display a rather low amount of crystals from $6 to 17%, without significant distinction between the pumice clasts of the two plinian phases (P1 and P3; Table 4 ). Mineral compositions of the plinian (RIN13-07A4 and RIN13-07E1) and phreatomagmatic (RIN13-07B) phases are reported in Supplementary Data Electronic Appendix Tables S5a-e. The mineral assemblage is composed of plagioclase, orthopyroxene, amphibole and Fe-Ti oxides. Clinopyroxene is scarce. Iron sulfide is abundant in amphibole, stable and systematically associated with titanomagnetite. Amphibole, classified as magnesiohastingsite using Locock (2014) , is stable, ubiquitous and very homogeneous. There is absolutely no chemical difference between crystals handpicked in the fractions 0Á5-1 and 0Á25-0Á50 mm of the three phases of the eruption (Supplementary Data Electronic Appendix Table S5a ). A total of 223 analyses were performed, with a relative error of <1% for each element except for Mn and Cl (2Á0 and 2Á5%, respectively). The amphibole contains on average 0Á258 6 0Á002 wt % F and 0Á071 6 0Á002 wt % Cl. The amphibole-plagioclase pairs analyzed indicate amphibole equilibrium with andesine (An Table S5c ). Apatite is homogeneous for F and Cl whereas S varies from <100 to 2150 ppm (Supplementary Data Electronic Appendix Table S5d ). Fluorine averages 1Á55 6 0Á07 wt % and Cl 0Á89 6 0Á02 wt % (n ¼ 140) in the grain size fraction 0Á5-1 mm, and F averages 1Á53 6 0Á06 wt % and Cl 0Á91 6 0Á02 wt % (n ¼ 22), respectively, in the fraction 0Á25-0Á5 mm. Plagioclase was extensively analyzed in the AD 1257 samples (Supplementary Data Electronic Appendix, Table S5e ). A first series of measurements was performed to evaluate the general distribution of their compositions, with a few points in each crystal, in the three grain-size fractions (Supplementary Data Electronic Appendix Fig. S2d-f ). Plagioclase phenocrysts (2-4 mm and 1-2 mm) show a bimodal distribution with two modes at An 82-75 and An 52-46 . The intermediate compositions between these two modes are poorly represented (Fig. 7a) . The plagioclase microcrysts (0Á5-1 mm) are more heterogeneous, with modes at An 76-72 and An 52-46 . The compositional bimodality recorded by (a-h) Trace element variations in bulk samples from the Rinjani-Samalas complex and active intra-caldera Barujari cone. For the AD 1257 eruption, we have reported the representative composition of the bulk dacitic pumice clasts (>16 mm; fallout and pyroclastic density currents), and the average composition of the micro-pumice clasts hand-picked from three grain size fractions (0Á25-0Á5 mm, 0Á5-1 mm, 1-2 mm) is from Vidal et al. (2015) . It should be noted that the small size particles have the most evolved residual composition. Error bars are within the symbols. 10Fy and 10Fg are grey and yellow clasts, respectively, handpicked from a banded pumice fall layer (RIN13-10).
profiles were performed with a step of 10 and 20 mm, or in some cases 30 mm for the longest transects (Supplementary Data Electronic Appendix Table S5e ). Plagioclase phenocrysts commonly have large patchy zoned cores with contrasting compositions of An and An 50 (Fig. 7b-e) . Cores are surrounded by a thin layer with an An content as low as An , and a band corresponding to the final stage of crystallization and representative of the second mode An 52-46 ( Fig. 7d-g ). Very rare calcic plagioclase (An 91Á460Á3 ), recording earlier stages of crystallization, was observed as microphenocrysts entrapped in plagioclase An 80Á660Á8 ; there is a very sharp transition between the two crystals (Fig. 7g) . Patchy zoned cores can be interpreted as evidence of either rapid growth or resorption-crystallization; successive events often render the interpretation of the textures difficult [for a review see Streck (2008) ]. In the AD 1257 trachydacite, we propose that the formation of the heterogeneous textures of An-rich plagioclase occurred during mixing events in association with magma decompression and degassing. These two latter processes are supported by the occurrence of melt connected channels, vacuoles and H 2 O-bearing fluid inclusions , sharp transition boundary patchy zones and the synchronous growth of several nuclei ( Fig. 7h and i) . These features are also consistent with variable growth rates, which have been experimentally demonstrated to vary significantly with magma decompression rate (Brugger & Hammer, 2010) . We highlight here four important observations: (1) the bimodal distribution of plagioclase compositions (Fig. 7a) ; (2) [1] Average composition of the matrix glasses of the AD 1257 pumice clasts analyzed by electron microprobe is from Vidal et al. (2015) . Reference data for MORB are from Arevalo & McDonough (2010) . Mg (ppm) An79.6 Distance to the rim (µm) water); (3) event(s) of mixing with an evolved trachydacitic melt required to explain andesine-type plagioclase An <45; (4) equilibrium crystallization of An $50 from a trachydacitic magma. The largest plagioclase phenocrysts record several stages of mixing ( Fig. 7b and c) .
The plagioclase zoning pattern in the fraction 0Á5-1 mm is comparable except that some crystals display 200-300 mm wide layers with 'intermediate' composition An $69-70 (e.g. RIN13-07 B1 Pl26; Supplementary Data Electronic Appendix Table S5d ). In each case, the Mg concentration mirrors the plagioclase An content. The negative correlations between the plagioclase An content and Mg point to a large-scale re-equilibration process (e.g. Costa et al., 2003; Longpré et al., 2014) . Magnesium concentrations of 109 6 17 ppm measured in plagioclase An 91 (Fig. 7g) are much lower than that of typical plagioclase in basalts (Fig. 8) . According to Costa et al. (2003) , the full reequilibration of plagioclase with respect to Mg roughly suggests minimum time-scales of about 100 years or most probably more. Moreover, andesine-type plagioclase (An 42Á961Á4 ), which has similar Mg contents to plagioclase An 49Á861Á1 , is also considered to be reequilibrated (Fig. 8) .
We calculated the plagioclase-melt Mg partitioning ðK 
where R is the ideal gas constant (8Á3145 J mol -1 K -1 ) and T is the temperature in Kelvin.
For a temperature range of 990-900 C (detailed below), the calculated value of ðK An49Á 8 =melt Mg Þ is 0Á097-0Á081. The corresponding MgO content of the melt is 0Á5-0Á6 wt % (Fig. 8) , which is the representative concentration of the matrix glasses of the AD 1257 pumice clasts (0Á63 6 0Á08 wt %; Vidal et al., 2015) .
Optical thermometry measurements provide an average homogenization temperature of 989 6 10 C for melt inclusions in plagioclase An 50 (Supplementary Data Electronic Appendix, Table S5f ). This temperature could be overestimated and biased because of the plagioclase history and partial inclusion decrepitation related to dissolution-crystallization events. Using Ridolfi & Renzulli (2012) , equilibrium between amphibole (magnesio-hastingsite) and the trachydacite is achieved at 980 C. The latter value is comparable with that of MI homogenization. The temperature of equilibrium between plagioclase An 50-48 and the trachydacitic melt (67Á6 wt % SiO 2 ) was also computed using Putirka (2008) . For melt H 2 O concentrations of 3Á7 and 4Á7 wt %, as analyzed in melt inclusions , the temperatures are calculated to be 920-935 C and 895-906 C, respectively. Similar results are obtained using the Waters & Lange (2015) hygrometer, which indicates a concentration of H 2 O between 3Á6 and 4Á3 wt % for temperatures of 935 C and 895 C, respectively. These temperatures most probably represent an upper limit for amphibole crystallization in dacitic magmas with comparable water contents (e.g. Erdmann et al., 2014) . This emphasizes the difficulty of determining the temperature of phase equilibria in a dynamic dacitic system with variable water concentrations. A range of 50-60 C is within the error of the geothermometer calculations (Ridolfi & Renzulli, 2012) , but is conceivable in such refilled silicic systems (e.g. Costa et al., 2004) .
The pre-caldera trachydacites (PcPF2) share a similar mineral paragenesis with the AD 1257 trachydacite (Supplementary Data Electronic Appendix, Tables S5a-d) . Amphibole, classified as Ti-rich pargasite, is ubiquitous and slightly richer in total iron with respect to that of the AD 1257 clasts. Orthopyroxene is also weakly zoned [Mg# 0Á72-0Á69] and titanomagnetite is slightly richer in TiO 2 (on average 10Á5 6 0Á9 wt %) and less oxidized ( The pre-caldera trachydacitic Lembar lava flow is specific in having amphibole phenocrysts with reaction rims of variable thickness, whereas its composition (Tirich hastingsite) does not change significantly from what has been described above for the Rinjani-Samalas trachydacites. Amphibole reaction rims are commonly related to magma decompression and degassing, as commonly observed in andesitic to rhyolitic lavas (Rutherford, 2008) . Although they may reach a thickness of 30 mm in sample RIN14 23A, they do not exceed 10 mm in sample RIN14 44, which reveals a much shorter magma ascent rate (a few days). In both lavas, amphibole microlites are unstable and have totally reacted with the residual melt. Plagioclase, which is the prevailing phase, ranges in composition from An 70 to An 46 (Supplementary Data Electronic Appendix Fig. S1 ). Amphibole and plagioclase are associated with titanomagnetite that becomes slightly enriched in TiO 2 (on average 13Á7 wt %) and FeO (on average Fe 2þ / Fe 3þ ratio ¼ 1Á1), as observed in sample RIN14-44.
Basaltic andesites
The basaltic andesites produced by Mt. Barujari are porphyritic (39-66 vol. %; Rachmat et al., 2016 one at An 62-60 , without distinction between the lavas erupted in 1994 and in 2004 (Fig. 9a) . As observed in the trachydacites, the Mg and An contents of plagioclase are negatively correlated (Fig. 9b) . Phenocryst cores are An-rich (Fig. 9c) , as are the patchy zoned cores (up to An 90 , Fig. 9d ) of crystal aggregates. Plagioclase commonly shows repeated cycles of surface dissolution, crystallization of An-rich plagioclase up to An 78 , and reverse zoning in growth bands that are separated by crystallization of plagioclase An $65Á8 , on average, as illustrated in Fig. 9e .
DISCUSSION
Crystal fractionation and peritectic formation of amphibole A significant contribution of a sialic component, derived from melting of the crust, to the magma differentiation of the Rinjani-Samalas complex has been ruled out on the basis of the Sr isotope geochemistry (Foden, 1983; Turner & Foden, 2001 ). According to these authors, the Rinjani-Samalas lavas are among the least radiogenic in the Sunda arc. A process of fractional crystallization was previously invoked, together with the crystallization of amphibole, to explain the general trends of differentiation from HABs to trachydacites (Foden, 1983) . Foden & Green (1992) proposed the peritectic formation of amphibole via interactions between cooling hydrous mafic melts and olivine-clinopyroxene cumulates or mantle peridotite while ponding at high pressures (0Á5-1 GPa). More broadly such a process is ubiquitous in arc roots (e.g. Davidson et al., 2007b; Smith, 2014; Bouilhol et al., 2015) . In turn new amphibole-bearing cumulates would exert mineralogical and chemical buffering on the melt composition depending on the pressure and melt H 2 O concentration. It has also been suggested that the intracrustal evolution of basalts involving amphibole leads to moderately compatible behavior of Yb (Jagoutz, 2010) .
Our major and trace element data confirm that the Rinjani-Samalas magmas belong to the same series of differentiation (Zr/Nb ¼ 25Á3, correlation coefficient 0Á98). The Yb content averages at 2Á0 6 0Á2 ppm in basalts (N ¼ 5) and 3Á1 6 0Á1 ppm in trachydacites (n ¼ 17). Ytterbium is moderately incompatible because its overall behavior can be reproduced with a global partition coefficient D Yb calculated to be 0Á68 from the slope of the regression line in a Log(Yb) versus Log(Th) plot (not shown). The Dy/Yb ratio correlates negatively with SiO 2 (Fig. 10) , a feature that has been ascribed to the peritectic formation of amphibole (cryptic amphibole) and reported for several arcs (Davidson et al., 2007b) . The K/Rb ratio significantly decreases from 458 6 5 in HABs down to 342 6 7 in the AD 1257 trachydacite. The respective behavior of K and Rb could also indicate the involvement of amphibole, in which K is possibly more compatible (Tiepolo et al., 2007) , during the high-pressure evolution of basalt. Similar K-Rb (Cs) behavior is observed in hornblendites (Jagoutz, 2010) .
All these features confirm that fractional crystallization from HABs and the peritectic formation of amphibole are the dominant processes that form the trachydacites erupted during the lifetime of the younger volcanic complex on Lombok. This includes the trachydacitic magmas that sustained the AD 1257 eruption and the pre-caldera activity, either explosive (PcPF1 and PcPF2), or effusive (Lembar lava flow). However, we stress that HABs are not primitive magmas (Table 1) . Experiments have shown that HABs may be derived from hydrous and MgO-rich basalts (12 wt % MgO) by the removal of a significant amount ($30%) of an olivine-clinopyroxene-spinel assemblage, before plagioclase crystallization (e.g. Pichavant & Macdonald, 2007) . In Pichavant & Macdonald' s experiments, plagioclase starts crystallizing at rather high extents of crystallization (50-60%), in equilibrium with an andesitic melt with an H 2 O concentration of between 4 and 6 wt %. In Fig.  11 it is shown that the experimental crystallization trends of high-MgO hydrous basalts are consistent with the Al 2 O 3 enrichment of the Rinjani-Samalas HABs. Based on these experiments and those on Rinjani HABs (Foden & Green, 1992) , plagioclase reflects the crystallization of HAB magma while losing water and/or temperature. HAB melt inclusions in olivine contain, on average, 3Á5 6 0Á2 wt % H 2 O and no more than 830 ppm CO 2 . Their H 2 O concentration is a typical value of arc basalts (Plank et al., 2013) , but H 2 O is most probably lost during the differentiation of hydrous Mg-rich magmas towards HABs. As CO 2 is prone to diffuse into the shrinkage (contraction) bubble during post-entrapment cooling (e.g. Moore et al., 2015; Wallace et al., 2015) , the concentration of 830 ppm dissolved CO 2 is a minimum value. We calculated the CO 2 content of a basaltic magma ponding at the base of the crust, the thickness of which beneath Lombok could be $25 km (b.s.l.) with an average density of 2750 kg m -3 (Zubaidah et al., 2014) . The corresponding lithostatic pressure would be 670 MPa and $800 MPa taking into account the volcano height ($4100 m) prior to caldera collapse. Under equilibrium conditions and at fluid saturation, the solubility of CO 2 in the water-bearing basalts of the Rinjani-Samalas volcano was calculated using the relationship experimentally determined by Shishkina et al., (2014) :
) with cations expressed as cation fractions in the melt. The value of G* in the Rinjani-Samalas basalts is 0Á3085.
For a total saturation pressure (P H2O þ P CO2 ) of 670 MPa the CO 2 concentration (P CO2 ¼ 590 MPa) of the basaltic melt is 3170 ppm, whereas it reaches 3990 ppm at 800 MPa total fluid pressure. Hence, CO 2 would be present as a gas phase during HAB crystallization. However, there is no strong evidence of CO 2 in the fluid inclusions trapped in plagioclase of the trachydacites, even though traces of C-bearing minerals have been observed with Raman spectroscopy . Dissolved CO 2 (or a carbonate species) was not detected during Fourier transform IR measurement on trachydacitic melt inclusions. There is no clear evidence for CO 2 accumulation in the shallow magma storage system and CO 2 could have migrated away from the basaltic magma ponding zone through open channels in crystal mushes (Parmigiani et al., 2016) . Migration of a volatile phase (supercritical fluid) rich in H 2 O and CO 2 is able to promote the peritectic crystallization of amphibole at the expense of clinopyroxene through the reaction Ol þ Cpx þ H 2 O ¼ amphibole þ Si-rich melt. This process might have thus partly buffered H 2 O in the system. Gas sparging (Bachmann & Bergantz, 2006) and H 2 O fluxing (Cashman & Giordano, 2014) may have unlocked the crystal networks because of crystal dissolution and amphibole crystallization.
Generation of the present-day basaltic andesites
Post-caldera volcanism renewed with the emission of andesitic lavas that built up the Barujari cone. These lavas do not plot on the general trend of differentiation but possibly along an HAB-dacite mixing line. The overall differentiation of the Rinjani-Samalas magmas from basalt to dacite through fractional crystallization should go through the field of andesites, even though they were F&G 1992; Foden & Green, 1992) ; (2) the experimental crystallization trends of MgO-rich basalts (12 wt %), at 400 MPa, 1050 C for an initial H 2 O concentration of 7Á7 wt %, and 1092 C for 5Á1 wt % of H 2 O, respectively (P&Mcd 2007; Pichavant & Macdonald, 2007) . Percentages (27 and 31%) indicate the extents of crystallization (olivine þ clinopyroxene) just prior to the melts (with 4Á2 and 6Á3 wt % of H 2 O, respectively) reaching plagioclase saturation. Plagioclase starts crystallizing in equilibrium with melts evolving towards andesitic compositions. Symbols are as in Fig. 4 except for the pre-Holocene lava flows (black crosses), for which the data are from both the present study and Foden (1983) . not erupted during the pre-and syn-eruptive stages. However, a single process of fractional crystallization cannot explain the behavior of compatible or moderately incompatible elements as illustrated for P 2 O 5 and Co in Fig. 12 . We show in these plots the bulk-rock compositions together with the published data for basaltic and trachydacicic melt inclusions . These show a positive correlation between P 2 O 5 and Th, as do the bulk-rocks. The overall evolution of Co is reproduced with a global partition coefficient of 2Á2. However, we stress that only the pre-Holocene basaltic andesites plot on these trends. Conversely, the present-day basaltic andesites of Barujari are reproduced by mixing between basalt and trachydacite in relative proportions of 70:30, representing a prevalent input of basalt.
Minerals in lavas erupted both in 1994 and 2004 do not display evidence of reverse zoning that could testify to the injection of basalt in a trachydacitic magma body undergoing crystallization. Rare large plagioclase phenocryst aggregates (>2 mm) with spongy An-rich cores (An !90; Fig. 9d ) are interpreted as antecrysts remobilized from a crystal mush. Polybaric crystallization and plagioclase dumping owing to decompressive H 2 O loss, as reported in arc andesites (Blundy & Cashman, 2005) , explains the zoning pattern of the Barujari plagioclase crystals (i.e. Fig. 9c ) and the occurrence of microlites with An contents as high as An . Oscillatory zoning (An 68-74 ; Fig. 9e and f) testifies to changes of the T-H 2 O conditions of crystallization while the magma is stalling. The rim compositions (An 60) reflect late-stage crystallization during lava flow cooling. These observations lead us to propose that mixing occurred between basaltic and trachydacitic melts in the mid-crust and that water-loss induced crystallization of, essentially, plagioclase during magma decompression and ascent.
Possible scenarios for trachydacitic magma extraction
The storage of silicic magmas in long-lived crustal reservoirs has been widely questioned (e.g. Annen et al., 2006; Menand et al., 2015; . The tendency is to favor the deep-seated generation of silicic magma very rich in water (up to 10 wt %), which increases their buoyancy, and their crystallization when the magma intersects the H 2 O-saturation liquidus curve, and water is exsolved concurrent with isothermal decompression (Annen et al., 2006) . Segregation of buoyant silicic magmas from crystal mush bodies has been debated for a long time and proposed as a process leading to large plinian eruptions [for reviews see and Cashman et al. (2017) ]. A fingering process has also been proposed to be an efficient mechanism for upward migration of a vapor phase in crystal-rich mushes (Parmigiani et al., 2016) .
The AD 1257 caldera-forming eruption delivered 40 km 3 (Vidal et al., 2015) of chemically homogeneous trachydacitic magma, characterized by small-scale mineralogical heterogeneities as recorded prevalently by plagioclase zoning. We did not find juvenile lithologies showing basalt-dacite mingling or mixing textures, or enclaves of mafic composition in the deposits. These observations do not provide evidence for massive disruption of crystal mushes and their subsequent mixing with silicic magma as described for Cosigü ina (Longpré et al., 2014) , of rejuvenation of a crystal mush by injection of gas and/or melt (Bachmann & Bergantz, 2006) , or of new magma input into near steady-state crystalrich intermediate magma, which tends to settle in a 'petrological trap' during its accumulation in the shallow crust (Caricchi & Blundy, 2015) .
Recharges of trachydacitic melt batches, with their H 2 O-rich gas phase, may have occurred in accordance with the oscillatory zoning and textural heterogeneity of plagioclase together with slight reverse zoning of some orthopyroxene microphenocrysts in the AD 1257 samples. Plagioclase textures and the bimodal distribution of plagioclase An contents indicate that polybaric crystallization, and injection event(s), occurred in the upper crust. The rare highly calcic plagioclase microphenocrysts (An 91Á4 observed) are reequilibrated with trachydacitic melt batches (Fig. 8 ). All these features and the lack of intermediate magmas strongly suggest that basaltic magma crystallization and differentiation occurred in the deep crust, in a region where hydrous trachydacitic melt was extracted prior to its ascent to shallow depths where it experienced in situ crystallization (Fig. 13) .
Neglecting CO 2 , the total fluid pressure at saturation of the trachydacitic melt is equivalent to P H2O . The amount of dissolved H 2 O in the residual trachydacite is deduced here from the equilibrium between the plagioclase (on average An 50Á6 , Ab 46Á9 , Or 2Á5 ) and the residual melt. For a temperature range of 895-937 C, a trachydacitic melt with 67Á6 wt % SiO 2 , as analyzed in the glassy matrices (Vidal et al., 2015) , should have contained 4Á7-3Á7 wt % of H 2 O. This range of H 2 O contents is controlled by the total pressure and not the initial melt H 2 O content. It fits perfectly the buffered H 2 O concentration of 3Á7 6 0Á3 wt % up to 5Á5 wt % measured in plagioclasehosted MIs . This variability in the H 2 O concentrations is ascribed to the multistage exsolution of water, and possible mixing between different trachydacitic magma batches displaying distinct volatile contents. It places an upper limit of magma storage between 3Á3 and 4Á4 km. We stress that, for an $4000 m high volcano prior to caldera collapse, the top of the reservoir would have been nearly at sea level. The mineral assemblage consisting of plagioclase An 50-48 , amphibole, orthopyroxene and titanomagnetite in equilibrium with residual trachydacitic melt confirms that in situ crystallization of the trachydacitic magma occurred at such depths.
Both the geochemistry and the mineralogy of the AD 1257 magma suggest the following succession of (a) A summary of the Holocene pre-caldera activity during which we suggest a deep-derived pressurization of the whole system by hydrous Mg-rich basaltic melt and the production of HABs (red), and the initial stage of shallow storage of trachydacite magma pods (yellow) prior to the incremental development of the reservoir that produced the AD 1257 caldera-forming eruption. It should be noted that eruptions of trachydacite and of high-alumina basalt occurred in the same time span during the Holocene. (b) The extraction and influx of water-rich trachydacitic melt batches, their amalgation to form the reservoir that sustained the AD 1257 plinian eruption, the withdrawal of 40 km 3 of homogeneous magma and stratospheric injection of ash and volatiles. We stress that trachydacitic magma crystallization was mainly induced by degassing at shallow depth. Such a representation of the plumbing system that produced the AD 1257 eruption requires the polybaric development of cumulates and crystal mushes with extraction of highly buoyant silicic magma as proposed by . Amphibole is regarded as the product of reaction between basaltic melt and pre-existing olivine-cpx cumulates. Its formation could be enhanced by the occurrence of H 2 O-CO 2 -rich fluids (supercritical fluids), related to magma degassing during hydrous Mg-rich basalt differentiation. (c) Present-day volcanism taking place at the Barujari intra-caldera cone. The porphyritic andesitic magma results from the mixing between high-alumina basalt and trachydacitic melts, prior to crystallization, and the possible formation of an intermediate depth storage zone. Confirmation of such an interpretation of the andesite requires further work on the mineralogy and mineral textures and zoning.
events: (1) the extraction of trachydacitic melts from a crystal-rich (mafic) mush; (2) the decompressioninduced crystallization of patchy zoned plagioclase; (3) the accumulation of magma at shallow depths in the upper crust and the in situ crystallization of an amphibole-bearing paragenesis under water-vapor saturation conditions. The textural heterogeneity of the plagioclase (Fig. 7f-i ) also shows that these crystals did not grow under exactly the same conditions of temperature and/or P H2O . The systematic occurrence of An-rich cores in plagioclase phenocrysts cannot be explained by a single event of low-pressure isobaric crystallization, but favors a process of decompression-induced crystallization that is much more efficient and rapid compared with that of temperature loss during slow magma cooling (e.g. Annen et al., 2006) . Hence, a large part of the exsolved H 2 O-rich phase from the residual melt accumulated incrementally owing to H 2 O saturation during the trachydacitic melt migration and subsequent stage of in situ crystallization. Numerical modeling shows that accumulation of gas bubbles can be efficient for stalling of convective and eruptible crystal poor silicic magmas in the upper crust (Parmigiani et al., 2016) . The amounts of sulfur and halogens released during the AD 1257 eruption have been recognized to be the largest of the Common Era .
The segregation of crystal-poor silicic magmas is consistent with the development of high plinian columns and widespread fallout deposits during the initial eruptive phase, whereas caldera collapse would occur only after the withdrawal of a critical volume of magma [for a review see Cashman & Giordano (2014) ]. This latter scenario applies to the AD 1257 eruption, which was characterized by continuous activity that produced stratospheric plinian eruption plumes and violent phreatomagmatic plumes prior to wholesale column collapse and caldera formation (Vidal et al., 2015) . The absence during the eruption of a significant hiatus ($days) that is required for the connection and withdrawal of partially interconnected melt lenses [for a review see Cashman & Giordano (2014) ] suggests that the AD 1257 eruption was fed by a mature reservoir.
We propose that the emission of modest volumes of trachydacitic magma in the 2Á5-6 kyr period prior to the AD 1257 caldera-forming eruptions, either explosively or effusively, and the occurrence of banded pumice layers, resulted from the withdrawal of isolated magma pods. Pulses of less evolved dacitic magma batches (64 wt % SiO 2 ; 9Á5 ppm Th), emission of trachydacite $2Á5 kyr ago and pressurization of the shallow reservoir magma pockets possibly marked the initial stages of magma influx and accumulation that culminated, $1800 years later, in the AD 1257 caldera-forming eruption.
Rinjani-Samalas is one of the volcanic complexes along the Lesser Sunda arc that has erupted magmas with a large range of compositions from HAB to trachydacite. These magmas are cogenetic via a dominant process of fractional crystallization, which produced an important volume of cumulates and crystal-rich mushes, and generated a large caldera-forming eruption with the emission of a large volume of homogeneous trachydacitic magma. Experimental petrology and fractional crystallization calculations support the high-pressure crystallization of variably hydrous basalts involving olivine and clinopyroxene (6 Fe-Ti oxides), and amphibolebearing gabbroic assemblages at high pressure, in the range of 0Á5-1 GPa (e.g. Foden & Green, 1992) . Similar conclusions were drawn from xenoliths from the neighboring active Sangeang Api volcano on Sumbawa (Turner et al., 2003) . At Tambora volcano, polybaric crystallization at the crust-mantle interface or below, as well as at shallow depths, is inferred to have produced within a time span of $4000-4500 years the homogeneous shoshonitic magma erupted during the great AD 1815 caldera-forming eruption (Gertisser et al., 2012) . To the west at Batur, on Bali, two major caldera-forming eruptions occurred after shallow depth accumulation of lowcrystallinity dacitic magmas, and multiple reservoirs of magma showing a broad chemical range may have existed in the crust down to a depth !20 km (e.g. Reubi & Nicholls, 2004) . Hence, along the Lesser Sunda arc segment there is no direct link between the explosivity of the eruptions and the magma chemistry, which broadly changes from calc-alkaline to shoshonitic from front-arc (i.e. Batur and Rinjani-Samalas) to back-arc (i.e. Tambora, Sangeang Api) volcanoes. Although the Rinjani-Samalas basalts (Tb/Yb ¼ 0Á280 6 0Á004; La/ Yb ¼ 5Á4 6 0Á2) would require a higher degree of melting of garnet-free mantle compared with the AD 1815 shoshonitic magmas of the neighboring Tambora volcano (Tb/ Yb ¼ 0Á29-0Á33; La/Yb ¼ 16Á0-17Á8; <2% of melting; Gertisser et al., 2012) , they are typical of magmas of the front of the Lesser Sunda arc (Turner et al., 2003) .
Contemporaneous emissions of basaltic and dacitic magmas
The construction of the Rinjani-Samalas volcanic complex was dominated by emplacement of high-alumina basaltic and andesitic lava flows (Foden, 1983 ) except for one dacitic lava flow identified on the SW flank of Rinjani (Fig. 2a) . These initial dominantly effusive phases of construction of the volcanic complex evolved towards sequences of subplinian or plinian eruptions of trachydacitic magma genetically related to basalt during the Holocene. Evidence of basaltic magma ascent under open-system conditions and mixing with dacitic melt to produce a hybrid andesitic magma is essentially provided by the composition of the post-caldera magmatism at Mt Barujari. Nevertheless, we identified one eruption of andesitic scoria (PcSF2) before the AD 1257 caldera-forming eruption.
Changes in eruptive styles strongly suggest the following: (1) the dominant effusive activity during the stratocone(s) construction was controlled by the basaltic magma rheology and its crystallization path, as HABs are directly linked with the hydrous nature of arc basalts and the effect of water on the stability field of plagioclase (e.g. Pichavant & Macdonald, 2007) ; (2) silicic magma reservoirs developed in response to the edifice loading that exerted a strong control on magma transfer, a common case for mature edifices (Pinel & Jaupart, 2004) ; (3) renewal of the activity, with andesitic magmatism, occurred under open-conduit conditions (gas escape) and involved deep-seated basaltic magma decompression.
The absence of eruptions of high-MgO basaltic magma testifies to their inability to rise through the density barrier of highly crystallized magma bodies (crystal mushes). The magma dyke spatial distribution is influenced by the stress induced by the surface load of a volcanic edifice [for a review see Rivalta et al. (2015) ]. Mature edifices of 3000-4000 m create a central stress component that significantly exceeds the critical reservoir overpressures needed to generate an eruption, and may affect dyke propagation down to a depth (z) equivalent to nearly R/2 (R being the cone radius), whereas at deeper crustal levels the tectonic stress dominates (e.g. Roman & Jaupart, 2014) . For an edifice radius of 20-25 km, dyke propagation is mainly affected down to a depth of $10-12 km, as should occur beneath the Rinjani-Samalas complex. Hence, the occurrence of basaltic explosive activity on the flanks of stratocones could be a good example of the process of lateral propagation of basaltic dykes in response to the decreasing influence of the edifice loading with depth and their eruption when their buoyancy exceeds that of the surroundings, possibly along regional main tectonic structures.
In contrast, dacitic magma is highly buoyant as it could contain up to 10 wt % H 2 O, a plausible amount of dissolved water for arc-related silicic magmas (Grove et al., 2012) . It is very unlikely that cryptic amphibole, with a water content that should not exceed 2 wt % (Graham et al., 1984) , would be the dominant sink for water. A huge amount of water is therefore available to be exsolved during magma decompression, thus enhancing magma buoyancy. In turn, water exsolution could favor the formation of amphibole-bearing cumulates and channels though crystal mushes.
Because pre-caldera and present-day andesites share similar chemical compositions, we suggest that a new cycle of magma evolution has been initiated, andesites being erupted only under open-conduit conditions.
On a broader scale, along the Lesser Sunda arc there is no clear relationship between the magnitude of the eruptions and magma chemistry in terms of silicasaturation or under-saturation and alkalinity, whereas magma differentiation requires multi-stage crystallization during transit from the upper mantle to the upper crust. The development of a shallow crustal reservoir capable of hosting a large volume of eruptible silicic magma, like the AD 1257 reservoir, thus reflects a subtle interplay between the magma production rate, the pressurization of the shallow system and the volcanotectonic stress regime.
